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Acute renal failure in the cardiac care unit: Etiologies, outcomes, tant so that treatment can be offered to patients likely
and prognostic factors. to benefit, and withheld from those in whom it would
Background. Heart disease is a leading cause of hospitaliza- only prolong suffering.tions, and its prevalence is expected to grow rapidly over the
Heart disease is the leading cause of mortality and thenext few decades. The purpose of this study was to examine the
leading cause of hospitalization in patients over the ageincidence, etiologies, outcomes, and risk factors for mortality of
acute renal failure (ARF) in cardiac care unit (CCU) patients. of 65 in the United States [5]. As the population ages
Methods. A retrospective, cohort study examining all pa- and the treatment for ischemic heart disease improves,
tients who developed ARF while in the CCU at Barnes-Jewish
the number of patients with heart disease is expected toHospital over a 17-month time period was performed. Charts
grow rapidly. These patients are at risk for ARF becausewere reviewed to determine etiologies, hospital mortality rates,
and risk factors for mortality. of hemodynamic compromise, intravenous contrast, ar-
Results. Four percent of admissions to the CCU met criteria terial catheterizations with the risk of atheroemboli, and
for ARF while in the unit. The etiologies of ARF were conges- the frequent use of angiotensin-converting enzyme in-tive heart failure (CHF; 35%), multifactorial (usually involving
hibitors (ACEIs). As the number of patients with cardiacCHF; 26%), arrest/arrhythmia (13%), contrast (11%), volume
disease continues to grow, it is likely that we will seedepletion (6%), sepsis (6%) and obstruction (3%). The mortality
rate was 50%. Oliguria, mechanical ventilation, and decreased more of these patients develop ARF.
cardiac function were statistically significant risk factors for Although many studies have evaluated the outcomes
mortality by univariate but not multivariate analysis. Thirty
of ARF in various clinical settings, to our knowledge,percent of patients with a cardiac index of less than 2.0 liter/
no previous studies have specifically addressed ARF inmin/m2 survived to discharge.
Conclusions. ARF occurs commonly in CCU patients and cardiac care unit (CCU) patients. Accurately defining
is associated with a high mortality rate. However, there are study populations is important because outcomes and
a significant number of survivors even among patients with prognostic factors can vary among different populations.severely depressed cardiac function.
Therefore, the purpose of this study was to define the
incidence, etiologies, and outcomes and to examine risk
factors for mortality of ARF in the CCU.Acute renal failure (ARF) continues to be a common
cause of morbidity and mortality in hospitalized patients,
particularly in intensive care units (ICUs). Mortality METHODS
rates range from 25 to 35% for hospital-acquired ARF The records of all patients admitted to the CCU at
[1, 2] to 46 to 88% for ARF in ICU patients requiring Barnes-Jewish Hospital, a tertiary care hospital in St.
dialysis [3]. Despite advances in supportive care and Louis, MO, USA, during the period from April 1996 to
dialysis, which is very expensive, mortality rates have October 1997 were reviewed retrospectively. Patients
not changed significantly over the past five decades [4]. were excluded if they were admitted to the CCU without
Therefore, prognostic information is extremely impor-
any acute cardiac diagnosis. A computer database of
patients’ laboratories was searched to identify those with
a serum creatinine of greater than or equal to 2.0 mg/dl.Key words: ICU, congestive heart failure, CCU, cardiac care unit, renal
failure, dysrhythmia. A total of 404 patients were identified, and their charts
were reviewed to determine if they met criteria for ARF.
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the baseline was 2.0 mg/dl or greater. These are the same hypocomplementemia, eosinophilia, or retinal lesions—
the patient was defined as having ARF.criteria used previously by Shusterman et al [2]. The
Obstruction. This included hydronephrosis by any im-baseline creatinine was determined as the lower of the
aging modality or clinical evidence of urinary obstructionmost recent creatinine measurements during the previ-
and a decrease of serum creatinine to or near baselineous three months if available or the lowest value during
following relief of the obstruction.the hospitalization.
Risk factors to be evaluated were defined prospec-We identified 106 cases of ARF in the CCU during
tively and included age, peak creatinine, oliguria (a urinethis time period. These charts were reviewed to deter-
output of less than 400 ml/24 hr), mechanical ventilationmine the etiology of ARF and to obtain data to be evalu-
at the onset of ARF, chronic renal failure (a baselineated as risk factors for mortality. The onset of ARF was
creatinine of 2.0 mg/dl or more), admitting diagnosis,classified as initial if the criteria for ARF were met on
ejection fraction, cardiac index, nephrology consultation,the day of admission. All others were labeled delayed
and dialysis. The admitting diagnosis was categorizedARF. Etiologic categories were predefined and included
as either arrhythmia, CHF, or coronary artery diseasethe following: hemodynamic causes subdivided into vol-
(CAD), which included unstable angina and acute myo-ume depletion, congestive heart failure (CHF), cardiac
cardial infarction. Ejection fraction was available in 99arrest/arrhythmia, or ACEI; sepsis; contrast; other tox-
patients and was determined by either echocardiographyins; cholesterol emboli; obstruction; other; and multifac-
or ventriculography during cardiac catheterization. Ejec-torial. All charts were reviewed by a single reviewer
tion fraction was recorded as being less than or greater(T.B.). The following criteria were used to define the
than 25%. In 67 patients who had a pulmonary arteryetiologies of ARF.
catheter, the cardiac index was recorded as the lowestVolume depletion. Intravascular volume depletion was
repeatable value.one criterion, as evidenced by history (decreased oral
Dialysis therapy consisted of intermittent hemodialy-intake, vomiting, diarrhea, bleeding, diuresis, or weight
sis for 14 patients, continuous venovenous hemodialysisloss) and/or physical exam (flat neck veins, tachycardia,
for 3 patients, and acute peritoneal dialysis for 1 patient.postural hypotension), along with an improvement in
A polysulfone membrane (Fresenius F8) was used forrenal function following volume replacement.
all intermittent hemodialysis, and the membranes wereCongestive heart failure. The diagnosis of CHF was
not reused. Dialysis adequacy was measured at least oncemade by physical exam findings including increased jugu-
weekly by urea reduction ratio (URR) for patients onlar venous pressure, rales, S3, and peripheral edema. CHF intermittent hemodialysis and treatments adjusted towas determined to be the etiology of ARF if renal func-
maintain URR $65%.tion improved with the treatment of CHF or if CHF was
Univariate analysis of the predefined risk factors wassevere enough to cause a systolic blood pressure of less
performed by computing relative risks and 95% confi-than 90 mm Hg or to require vasopressors.
dence intervals using the two-sided Fisher’s exact test.Cardiac arrest /arrhythmia. Any hemodynamically sig-
Statistical significance was defined as a two-sided P valuenificant arrhythmia, defined as a fall in systolic blood
of less than 0.05. Multiple logistic regression was used topressure to less than 90 mm Hg, followed by an increase
analyze each of the predefined risk factors for mortality.in serum creatinine within 24 hours, was included.
Statistics were performed with the statistical program
Angiotensin-converting enzyme inhibitor. If there was
SPSS version 7.5 (SPSS Inc., Chicago, IL, USA).
a rise (or fall) in serum creatinine temporally related to
the initiation (or discontinuation) of ACEI therapy in
RESULTSthe absence of any other overriding clinical events, it
was defined as an ARF etiology. There were 2392 admissions to the CCU during the
Sepsis. Sepsis was the etiology of ARF if the systolic 17-month period of the study. The serum creatinine was
blood pressure was less than 90 mm Hg or if vasopressors at least 2.0 mg/dl at some point in the hospital course
were required in the presence of at least two of the of 624 patients (26%) and during the CCU stay for 404
following: temperature $38.38C, positive blood cultures, patients (17%). One hundred six patients (4%) met the
or a white blood cell count greater than 10,000/mm3. criteria for ARF while in the CCU.
Contrast media. This included an increase in the se- The characteristics of the patients with ARF are shown
rum creatinine to meet the definition of ARF within 48 in Table 1. There was a wide distribution of ages, ranging
hours following intravenous contrast. from 22 to 90 years, with a mean of 69 years. Fifty-six
Cholesterol emboli. With biopsy-proven cholesterol (53%) patients were male. A significant number had un-
emboli on either skin or renal biopsy, or at least three derlying hypertension (58%), diabetes mellitus (52%),
of the following criteria—arterial catheterization or ma- and chronic renal failure (21%).
The etiologies of ARF are shown in Table 2. Thenipulation prior to the ARF episode, livedo reticularis,
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Table 1. Clinical characteristics of 106 patients with acute renal Mortality rates according to the etiology of ARF are
failure in the cardiac care unit
shown in Table 4. CHF and arrest/arrhythmia as ARF
Age (mean 6SD) 69615 etiologies had the highest mortality (59% and 79%, re-
(range) (22–90) spectively). The lowest mortalities (17%) were in theMale 56 (53%)
volume depletion and contrast groups. The relative risksHypertension 61 (58%)
Diabetes mellitus 55 (52%) for mortality were statistically significant for arrest /
Chronic renal failure 22 (21%) arrhythmia (1.72) and contrast (0.31).(baseline creatinine $2.0 mg/dl)
Abbreviation is: SD, standard deviation.
DISCUSSION
The incidence of ARF in patients with acute cardiac
diagnoses in the CCU was 4%. This number likely under-most common etiology was CHF, accounting for 37 cases
estimates the true incidence of ARF in this patient popu-(35%). Twenty-eight cases (26%) were multifactorial,
lation, because we included only cases that met criteriausually involving a low cardiac output state. Other etiolo-
for ARF during the CCU stay, which was often briefgies included arrest/dysrhythmia (13%), contrast media
(the mean length of stay was 2.2 days). In fact, 220 (9%(11%), volume depletion (6%), sepsis (6%), and obstruc-
of CCU admissions) patients had an increase in serumtion (3%). ACEIs were not felt to be the primary etiology
creatinine from less than 2.0 mg/dl in the CCU to greaterof any of the cases, but they were felt to contribute to
than 2.0 mg/dl during the rest of the hospital course.three of the multifactorial cases.
Compared with prior reports, this incidence is greaterFifty-three of the 106 patients (50%) survived the hos-
than that reported for community-acquired (1%) or hos-pitalization. In addition, three of the hospital survivors
pital-acquired ARF in a mixed population of medicalwere discharged to hospice care. In comparison, the hos-
and surgical patients (2%) [2, 6]. Hou et al found a 5%
pital mortality for CCU patients without ARF was 8%.
incidence of hospital-acquired ARF but used much less
Twenty-five patients (24%) met the criteria for ARF on
stringent criteria to define ARF [1]. The incidence of
the day of admission. Fourteen of these patients (56%) ARF in other ICU populations has ranged from 3 to
survived the hospitalization, which was not significantly 30% [7–14]. In addition, the absolute numbers of patients
different from the 48% survival among the patients with with ARF concomitant with severe cardiac disease can
delayed ARF. Nephrology consultation was obtained in be expected to rise sharply over the next few decades
44 cases (42%), and there was no significant difference because of the rapidly escalating prevalence of heart
in mortality based on consultation. Eighteen patients disease. Preliminary evidence pointing to this trend al-
(17%) received dialysis, and 9 (50%) survived the hospi- ready exists. In an analysis of ARF in ICU patients in
talization. Four of these patients, or 44% of the patients two different time periods, McCarthy found a significant
who received dialysis and survived, were discharged on increase in the percentage of cases due to “cardiac prere-
dialysis. Four patients recovered enough renal function nal” causes from 15% in 1977 through 1979 to 30% in
to discontinue dialysis, and one chose not to undergo 1991 through 1992 [15].
chronic dialysis and was discharged to hospice care. It is not surprising that the most common etiologies
The relative risks for mortality based on the prospec- of ARF were hemodynamic causes related to the under-
tively defined risk factors are shown in Table 3. Oliguria, lying cardiac disease. Thirty-five percent of cases were
mechanical ventilation, and decreased cardiac function, due primarily to severe CHF, and it also contributed to
defined either as an ejection fraction of less than 25% most of the multifactorial cases, which accounted for an
or a cardiac index of less than 2.0, were associated with additional 26% of all cases. Many of these patients have
a statistically significant increased risk for hospital mor- severely compromised cardiac function, and when ARF
tality. The relative risk with oliguria was 1.72 (P 5 0.01), develops, questions regarding prognosis arise. Patients,
with mechanical ventilation was 1.70 (P 5 0.01), with a families, and physicians would all like to know the prog-
decreased ejection fraction was 1.77 (P 5 0.009), and nosis in order to make decisions regarding further ther-
with a decreased cardiac index was 2.11 (P 5 0.003). apy. Previous studies have examined cardiac morbidity
Multivariate analysis did not find these factors to predict as a prognostic factor, but results have been contradic-
mortality. Because ejection fraction and cardiac index are tory. Some have found an association with mortality [7,
likely to be related, they were combined as one variable 16–23], whereas others have not [24, 25]. It is difficult
(ejection fraction ,25% or confidence interval ,2.0 li- to compare these studies because of a wide variation in
ter/min/m2) for the multivariate analysis and were still the definition of “cardiac failure,” including hypotension,
not found to be an independent predictor of mortality. CHF, infective endocarditis, myocarditis, arrhythmias,
Age, peak creatinine, chronic renal failure, admitting and myocardial infarction. Also, until now, no studies
diagnosis, nephrology consult, or dialysis did not predict have specifically examined cardiac function as a prognostic
factor in the CCU population.hospital mortality.
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Table 2. Etiologies of acute renal failure (ARF) in the cardiac care unit
Etiology Initial ARF Delayed ARF Total P value
Hemodynamic
Volume depletion 5 (20%) 1 (1%) 6 (6%) 0.003
CHF 8 (32%) 29 (36%) 37 (35%) 0.81
Arrest/dysrhythmia 3 (12%) 11 (14%) 14 (13%) 1.00
ACEI 0 0 0
Contrast 0 12 (15%) 12 (11%) 0.06
Sepsis 1 (4%) 5 (6%) 6 (6%) 1.00
Obstruction 3 (12%) 0 3 (3%) 0.01
Multifactorial 5 (20%) 23 (28%) 28 (26%) 0.45
Total 25 (24%) 81 (76%) 106 (100%)
Abbreviations are: CHF, congestive heart failure; ACEI, angiotensin-converting enzyme inhibitor.
Table 3. Risk factors for hospital mortality
Deaths Survivors Relative risk
N553 N553 (95% confidence interval)
Age (mean 6SD) 69614 68615
Peak creatinine $3.0 mg/dl 40 34 1.33 (0.83–2.13)
Oliguria 22 9 1.72a (1.21–2.44)
Mechanical ventilation 30 16 1.70a (1.16–2.50)
CRF 8 14 0.68 (0.38–1.22)
Admit diagnosis
CHF 18 21 0.88 (0.59–1.33)
CAD 23 25 0.93 (0.63–1.36)
Dysrhythmia 12 7 1.34 (0.89–2.02)
EF ,25% (N599) 28 17 1.77a (1.15–2.71)
CI ,2.0 liter/min/m2 (N567) 26 11 2.11a (1.22–3.65)
Nephrology consult 21 23 0.92 (0.62–1.37)
Dialysis 9 9 1.00 (0.60–1.66)
Abbreviations are: SD, standard deviation; CRF, chronic renal failure; CHF, congestive heart failure; CAD, coronary artery disease; EF, ejection fraction; CI,
cardiac index.
a P # 0.01
Table 4. Hospital mortality according to ARF etiology
Relative risk
Etiology Deaths Survivors Mortality (95% confidence interval)
Hemodynamic
Volume depletion 1 5 17% 0.32 (0.05–1.94)
CHF 22 15 59% 1.32 (0.91–1.92)
Arrest/dysrhythmia 11 3 79% 1.72a (1.21–2.45)
ACEI 0 0
Contrast 2 10 17% 0.31a (0.09–1.10)
Sepsis 3 3 50% 1.00 (0.44–2.28)
Obstruction 1 2 33% 0.66 (0.13–3.30)
Multifactorial 13 15 46% 0.91 (0.58–1.42)
Total 53 53 50%
a P , 0.05
At least three prior studies have found CHF specifi- ARF and found CHF, defined as characteristic radio-
graphic appearance, rales, decreased cardiac output, orcally, rather than the broadly defined “cardiac failure,”
to be a risk factor for hospital mortality in ARF. Lien the presence of a third heart sound, to have a significantly
increased risk of mortality (RR 5 1.3) [17]. In additionand Chan evaluated 58 patients retrospectively and
found CHF, not specifically defined, to be associated to CHF, Lohr, McFarlane, and Granthan found hypoten-
sion, assisted ventilation, gastrointestinal dysfunction,with increased mortality by univariate (RR 5 1.9), but
not multivariate analysis [16]. Lohr, McFarlane, and and sepsis to be prognostic factors and proposed a prog-
nostic index based on the number of these factors pres-Granthan retrospectively evaluated 126 patients with
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ent. When applied to a different set of patients by a
separate investigator, Lohr’s prognostic index did predict
mortality [18].
These studies all exclusively examined patients treated
with hemodialysis. Hemodynamic instability often com-
plicates dialysis in patients with severely compromised
cardiac function. Therefore, theoretically, the increased
mortality in these studies could have been related to
complications of hemodialysis. However, most of the
patients in our study did not undergo dialysis, and we
found a similar adverse prognostic effect by univariate
but not multivariate analysis.
Previous studies have noted that the timing of onset
(community versus hospital acquired) is important in the
prognosis of ARF. The proportion of cases with initial or
Fig. 1. Ejection fraction (EF; ; ,25%) and cardiac index (CI; j; ,2.0community-acquired ARF was much lower in our study
liter/min/m2) in survivors and nonsurvivors. EF and CI were available in(24%) than has been reported previously (60%) [14, 26]. 99 and 67 patients, respectively. Among survivors, 33% had an EF
This may be related to the urgency and rapidity with which ,25% and 35% had a CI ,2.0 liter/min/m2. Among nonsurvivors, 60%
had an EF ,25%, and 72% had a CI ,2.0 liter/min/m2.acute cardiac syndromes lead to hospitalization. In the
CCU, we found no significant difference in the mortality of
initial (44%) versus delayed ARF (52%). The discrepancy
with other studies, which report a 20% absolute increase
complicated and may not be valid outside of the popula-in mortality for patients with delayed ARF [14, 26], is
tion from which they were developed. Recently, Lian˜olikely due to the different etiologies of ARF. The de-
has developed a prognostic index for acute tubular ne-creased mortality in community-acquired ARF has been
crosis that is simple to calculate and was validated in aexplained by an increased proportion of cases in this
separate hospital [28]. The index was developed andgroup due to etiologies with better prognoses. Specifi-
tested in a diverse patient population, including medical,cally, 17 to 30% of these patients have been reported to
surgical, nephrotoxic, and septic etiologies of ARF, buthave obstructive ARF [6, 26, 27]. Table 2 shows the
does not include cardiac function as a prognostic factor.different etiologies of ARF divided into initial and de-
It would be interesting to test this index in a populationlayed ARF in our study. Although there were more
of cardiac patients and to examine if cardiac functionobstructive cases in the initial group, they accounted for
could improve its prognostic ability.only 12% of the initial ARF cases and only 3% of the
Hospital survivors who required dialysis remained de-cases overall. Volume depletion, which had a low mortal-
pendent on dialysis at the time of discharge more fre-ity, was also more common in the initial group. However,
quently than has been reported previously. Prior studiesall of the contrast-induced ARF cases were in the de-
have reported a 17 to 33% incidence of dialysis depen-layed group, as expected, and also had a low mortality
dency among hospital survivors who required hemodial-rate (17%), which tends to offset any survival advantage
ysis for ARF in an ICU [15, 29], whereas 56% (5 outof the initial ARF group.
of 9) of such patients in our study remained dependentAlthough the mortality was increased in patients with
on dialysis at discharge. Possible explanations for thisseverely decreased cardiac function, there were still a
difference include the small number of patients requiringsignificant number of survivors. Thirty percent of those
dialysis in this study or an earlier discharge. Alterna-with a cardiac index of less than 2.0 liter/min/m2 survived
tively, it is also plausible that CHF impairs renal recoveryto discharge. The patient with the lowest recorded car-
through impaired renal blood flow and altered glomeru-diac index in this study (1.1 liter/min/m2) survived. Al-
lar hemodynamics. Because we had only nine patientsthough decreased ejection fraction or cardiac index was
survive after receiving dialysis, we could not adequatelymore common in the nonsurvivors, they were also pres-
evaluate any differences that might have existed betweenent in one third of survivors (Fig. 1). Depressed cardiac
patients that recovered renal function and those thatfunction, therefore, cannot by itself be used as an indica-
remained dialysis dependent. Future studies should ad-tion to withhold treatment of ARF. However, consider-
dress this area.ing cardiac function along with the overall clinical picture
In summary, ARF is common in CCU patients, ismay be important in predicting prognosis. There has
most often hospital acquired and is due to hemodynamicbeen a great deal of interest in developing prognostic
causes. There may be a decreased rate of renal recovery,scores to predict the outcome of ARF. Several scoring
systems have been proposed; however, they are often although a larger number of patients need to be exam-
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